The discovery that the absorption bands at 293, 281-5 and 271 m,u. (Heilbron, Kamm & Morton, 1926, 1927) present in fractions obtained in the recrystallization of cholesterol were shown very strongly by ergosterol (Rosenheim & Webster, 1927) focused interest on the latter and culminated in the isolation of calciferol (vitamin D2). Some time later it was recognized that 7-dehydrocholesterol was a provitamin D and vitamin D3 was eventually obtained pure.
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Vitamin D. in fact appeared to be the principal, if not the only 'natural', vitamin D. With the achievement of commercial production interest in the field declined,-although many problems remained unsettled.
Perhaps the most important of these is the biogenesis of provitamin D. In the herbivorous animal, the dietary sterols, sitosterol, stigmasterol, etc., are unlikely to be responsible for the appearance of 7-dehydrocholesterol. Ergosterol, which is characteristic of yeasts and fungi, could scarcely account for the wide distribution of provitamin D3 in animals.
The present work provides evidence ofa reversible enzymic dehydrogenation of cholesterol mainly in the gut wall. The 7-dehydrocholesterol is thus not of dietary origin. It may have biological functions independent of its role as provitamin D3.
EXPERIMENTAL
General. The scope of the present investigation may be set out as follows: (i) determination of the properties of pure 7-dehydrocholesterol, (ii) the estimation of provitamin D3 in animal tissues, (iii) distribution of provitamin D3 in guinea pig, rat and ox tissues, (iv) a closer study of 7-dehydrocholesterol in the skin and small intestine of the guinea pig, (v) sterol metabolism in the small intestine of the guinea pig and the reversible dehydrogenation of cholesterol. Method8 Ab8orption 8pectra were determined using a Beckman photoelectric spectrophotometer with spectroscopically pure ethanol as solvent.
Optical rotation measurements were carried out using a 0.5 % solution in the same solvent in a 0-5 dm. cell.
Material8. Tissues were obtained from freshly killed rats and guinea pigs. Ox tissues were obtained from the abattoir and were examined without delay.
Chole8terol was recrystallized until it no longer showed the 7-dehydrosteroid absorption bands.
7-Dehydrochole8terol was obtained (approximately 90% purity) from Peboc Ltd., London, and purified by recrystallization from ethyl acetate. However, after drying over H2SO4, both the melting point and the optical rotation were low. Further recrystallization from the same solvent, followed by desiccation over CaCl2, gave a product of satisfactory purity (Table 1) . The highest absorption occurs at 281-5 ma. (E1 %,, =308; e,,s -11840). As will be seen later, it is necessary to rely upon spectrophotometric readings for the determination of 7-dehydrocholesterol, and the most convenient way of describing the absorption spectrum of the pure substance is given in Table 2. Admini8tration. The sterolswere dissolvedinwarm methyl oleate or myristate, allowed to cool with stirring, and doses of 1 ml./animal of the thick suspension were given orally from a pipette with a wide jet; cholesterol 0-25 g./ml.; 7-dehydrocholesterol 0-2 g./ml. A special problem may arise with liver fractions in which vitamin A and 7-dehydrosteroids are present in spectroscopically equivalent amounts (asin Fig. 2 ). In such circumstances the absorption ofvitamin A between 325 and 380 m,. is clearly shown and, from the properties ofthe pure vitamin (Cama, Collins & Morton, 1951) , the curve can be continued from 325 to 230 mg. Subtraction of the whole vitamin A curve from the observed curve may then give a difference spectrum agreeing very well with that of the 7-dehydro.
steroid.
Chromatographic 8eparation of the sterol fraction from total un8aponifiable matter After systematic trials had been made, the following method was adopted. Standard alumina (Grade 'O', Peter Spence and Co.) was weakened by stirring in water (5 % w/w) under light petroleum. In testing unsaponifiable matter (about 0 1 g.) from guinea pig intestine the material, dissolved in light petroleum, was poured on to a column (0-15 x 4 cm.) of weakened alumina and formed at the top a deep-yellow layer. The column was developed with 5 % (v/v) diethyl ether in light petroleum (100 ml.); this sufficed to elute the whole ofthe yellow pigment (fraction 1). Sterols were eluted by further development with 10, 20 and 30 % (v/v) ether-light petroleum (100 ml. portions in succession). The three portions combined gave fraction 2. Elution with 50 % ether-light petroleum (20 ml.) removed a yelloworange fraction 3. Development rate was increased by air pressure from above. Fig. 3 illustrates the spectra of the fractions. Fraction 1 sometimes exhibited an absorption peak near 270 m,u. and also contained any vitamin A present in the crude unsaponifiable fraction. Fraction 3 showed absorption in the visible due to 'xanthophylls'.
A number of unsaponifiable fractions from guinea pig intestines were examined spectroscopically before and after adsorption. There was an apparent loss of about 15 % of the 7-dehydrosteroid as a result of chromatography, but at present the choice lies between a good approximation and no result at all. About 75 % of the crude unsaponifiable matter (intestine) was recovered in the three fractions and fraction 2 (sterols) accounted for roughly 60 % of the whole. For guinea pig liver the recovery in the three fractions accounted for about 62 % of the crude extract and the sterol fraction amounted to 53 % of the total unsaponifiable matter (average of five tests). The nature of the material retained on the column has not been pursued in the present study. Table 3 shows that 7-dehydrocholesterol is not an invariable congener of cholesterol in animal tissues, although it is quite possible that if sufficiently large samples were recrystallized it could be detected in most. The 7-dehydrosteroid bands are shown very clearly in the unsaponifiable fractions obtained from the small intestines of cattle, guinea pigs and rats. Hitherto, the provitamin D has been regarded as mainly a constituent of skin, but in the guinea pig the small intestine is undoubtedly the tissue with the greatest amount.
RESULTS
The spectrum of unsaponifiable matter from guinea pig bile shows a broad adsorption band between 265 and 278 mIL., and the curves for the unsaponifiable matter from rat and guinea pig blood are similar. Sterol fractions obtained from the unsaponifiable part of rat blood by crystallization at 00 from a small volume of methanol, showed the 293, 281-5 and 271-5 m,. bands, and earlier experience in this laboratory with recrystallized sterols from ox blood is in full accord.
In order to ascertain whether the 7-dehydrosterol in guinea pig intestine is free or esterified the washed small intestines of two animals were studied. The following details refer to the findings in Table 4 .
The total lipid (0-339 g.) was dissolved in ethanol (100 ml.). One-half (50 ml.) was reduced to dryness and the residue redissolved in ethanol (20 ml.). Cholesterol was determined gravimetrically as digitonide on two 10 ml. portions. The filtrate (containing excess digitonin) was tested for sterol by the Liebermann-Burchard reaction, for esterified cholesterol 1-2 (by saponification followed by adding digitonin to the 'unsaponifiable') and for 7-dehydrosteroid by ultraviolet absorption. All three tests were negative. A portion (25 ml.) of the remaining half of the total lipid in ethanol was reduced to dryness, weighed and divided into acetone-soluble and acetone-insoluble portions. The phospholipin fraction dissolved in light petroleum exhibited the provitamin absorption spectrum, presumably as a result of co-precipitation of 7-dehydrosteroid and phospholipin. Accordingly, the neutral fat and phosphatide fractions were remixed and the tests for free and combined sterol repeated. The remaining portion (25 ml.) of total lipid solution was saponified, the unsaponifiable matter weighed and the total sterol and 7-dehydrosteroid content determined.
In the two animals considered here 30 % of the 'unsaponiflable' was sterol and about 6% 7-dehydrosteroid. Table 5 shows the distribution of the provitamin D3 along the small intestine of the guinea pig.
Two albino animals on a normal diet (cubes from Lever Bros and Unilever) were killed after a 1-day fast. The small intestine ofone animal (A) was saponified in toto; that of the other (B) was divided into three parts: (a) a length of 5 cm. from the pyloric sphincter ('duodenum'), (b) and (c) equal halves of the remainder. Each portion was saponified separately and the unsaponifiable fraction obtained.
The 7-dehydrosteroid is seen to be mainly in the 'duodenum', although (because of the small amount ofunsaponifiable matter in the upper ileum) the proportion ofselectively absorbing sterol to total unsaponifiable matter is highest in the upper ileum. Table 5 also shows the distribution across the gut wall.
The small intestines of two guinea pigs (C and D) were washed out, slit open longitudinally and stretched out on a board. The mucosal tissue was scraped off the underlying layer of muscle tissue, using the blunt side of a scalpel blade. Vol. 5I 5
It is clear that although the separation so obtained is not complete, the 7-dehydrosteroid is almost entirely associated with the mucosal tissue.
As the skin is, next to the small intestine, the richest tissue in 7-dehydrosteroid, portions of guinea pig hide were divided into hair, cutaneous tissue and subcutaneous muscle. Table 6 shows the results of the analyses. Table 7 shows that the 7-dehydrosteroid content (expressed as percentage of total unsaponifiable matter from guinea pig intestine) increases approximately linearly with the weight of the animal. (In these experiments the weight is taken to be an approximate guide to age.)
A few animals purchased for the work were found on post-mortem examination to have liver tubercles or nodules arising from PasteureUa pseudotuberculo8i8. These guinea pigs showed a marked increase in the 7-dehydrosteroid content ofboth liver and small intestine (calculated on the total unsaponifiable fraction) as compared with healthy animals of similar weight kept for some time on a substantially sterol-free diet. This observation, although not strictly germane to the argument, is recorded as a matter of interest.
If the 7-dehydrosteroid absorption spectrum had been due to a dietary constituent, fasting should have resulted in a substantial reduction which did not occur. Again no diiminution was observed when guinea pigs or rats were transferred from a normal to a sterol-free diet (Tables 7 and 8 ). The definition of the three maxima was improved in the fasting animals because of decreased 'irrelevant' absorption attributable to lipid constituents undergoing digestion and absorption.
Characterization of the 7-dehydrosteroid in guinea pig intestine (a) Attempted isolation. The selective absorption found in extracts from guinea pig intestine could be due (i) to enzymic dehydrogenation ofcholesterol, or (ii) to microbiological synthesis of ergosterol in the intestine, possibly by yeasts. Boer, Reerink, Wijk & Niekerk (1936) isolated 0*2 g. of pure 7-dehydrocholesterol from cholesterol of unstated origin, and Windaus & Bock (1937) and it seemed unlikely that further work on a few milligrammnes of material could effect further purification. However, the behaviour of the unidentified 7-dehydrosteroid on the column was the same as that of authentic 7-dehydrocholesterol. These experiments did not afford absolute proof that the selectively absorbing sterol of guinea pig intestine is entirely 7-dehydrocholesterol.
(b) In vivo conversion of cholesterol to 7-dehydrocholesterol (i) Control experiments in which dietary 8terol was withheld. Experiments in which the stock diet had been made sterol-free (or practically so) failed to show any diminution in the 7-dehydrosteroid content of the wall of the guinea pig small intestine. This is important because, although sitosterols are not appreciably absorbed by animals (cf. Sch6nheimer, 1929a (cf. Sch6nheimer, , b, 1931 ; experiments on rats), ergosterol can be absorbed more readily. Thus hens can transfer it to the eggs (Page & Menschick, 1932; Sch6nheimer & Dam, 1932; Windaus & Strange, 1936) . Tables 7 and 8 show that for guinea pigs and rats the 7-dehydrosteroid content of the small intestine is not removed (or even appreciably changed) by withholding preformed sterol from the diet for 2 weeks. Table 9 shows the results with groups of animals given 0-25 g./guinea pig and killed at intervals up to 19 hr. after dosing. During the absorption of cholesterol the 7-dehydrosteroid content of the gut wall reached a maximum 3-8 hr. after dosing and then decreased slowly to a normal level. The amount of dehydrosteroid in the liver increased gradually as the cholesterol was absorbed in the gut. The absorption spectra (Fig. 2) of liver extracts of the animal dosed with cholesterol, and of controls, show the effect clearly. Table 10 shows the results of feeding 7-dehydrocholesterol (0.2 g./guinea pig).
The total steroid of the gut wall shows a definite increase during the main period of absorption (up to 15 hr.) which, like the total liver sterol rise, exceeds any increase attributable to the 7-dehydrocholesterol alone.
DISCUSSION
The 7-dehydrosteroid content ofskin varies with the species; thus Windaus & Bock (1937) found (in the total sterol) 0-16 % for deer skin, 3-6 % for pig skin, 0.18% for cow skin and 1.5-2.4% for rat skin. Morton & Rosen (1949) found a high concentration (5% of the sterol) in the mature ovaries of frogs. Page & Menschick (1930) found that the sterols from brain contain more 7-dehydrosteroid in foetal life than in adult life. Halibut intestinal sterols have been found in this laboratory to exhibit the 7-dehydrosteroid absorption bands clearly. Rosenberg (1949) found for clams 21-4 % ofprovitamin D in the visceral sterols and 7-8 % in the sterols from the rest of the body.
The present investigation establishes the fact that 7-dehydrosteroid is to be found in the intestinal tissue of rat, ox and guinea pig. In the last-named there is a much greater concentration in the intestine than in the skin, whereas in other species the difference is noat striking.
More detailed study of guinea pig small intestine showed a noteworthy absence of esterified cholesterol and the presence of 1/15 to 1/5 of the total sterol as 7-dehydrocholesterol. The provitamin D (expressed as percentage of unsaponiflable fraction) is highest in the upper ileum, practically all of it occurs in the mucosae and very little in the muscle layer of the intestine. Similarly, there is no 7-dehydrosteroid in the hair or in the muscle tissue of skin although the true cutaneous layer is relatively well supplied.
The results also show that the 7-dehydrosteroid content of guinea pig intestine tends to increase with increasing size (age?) and more surprisingly with the disease (P. p8eudotuberculo8si) associated with liver tubercles or nodules.
Attempts to isolate pure 7-dehydrocholesterol from guinea pig intestine were not successful, although a small amount of material containing 60 % was obtained by chromatography. This failure left open the possibility that the unusually high 7-dehydrosteroid ultraviolet absorption in guinea pig intestine fractions had a dietary origin or could have been due to synthesis by yeasts in the alimentary tract. The likelihood of either explanation was diminished by the persistence of the absorption bands at high intensity in animals on a 8 I95:2 practically sterol-free diet and in animals in a postabsorptive state.
The question was settled by the demonstration that orally administered cholesterol is dehydrogenated in the intestine in a manner indicating an equilibrium cholesterol = 7-dehydrocholesterol 15 1 approximately in both albino and coloured guinea pigs. During absorption the equilibrium is not strictly maintained, and it would appear that all the sterol which enters the gut wall is open to attack by a cholesterol dehydrogenase. The cholesterol so exposed seems to be free and not esterified. Oral administration of 7-dehydrocholesterol is followed by processes of absorption in the intestine and transference to the liver which can only be explained on the basis of a reversal of the dehydrogenation established for cholesterol.
It is noteworthy that the recovery of sterol after feeding cholesterol or 7-dehydrocholesterol is very poor. The rise in liver sterol which might perhaps have been expected, did not in fact occur, and under the conditions of the experiments the liver is able to use or eliminate excess sterol rapidly.
Since the completion of experimental work reported here, Popjak & Beeckmans (1950) have found that in rabbits given D20, synthesis of cholesterol takes place more rapidly in the intestinal tissue than in liver. Tuboi (1948) perfused rabbit liver with 7-dehydrocholesterol and noted a rapid disappearance with concomitant formation of cholic and deoxycholic acids. This observation is consistent with our finding that, above a certain low concentration, 7-dehydrocholesterol has a transient existence in liver.
The main conclusion to be reached at this stage is that the animal is not dependent upon dietary provitamin D but has the power to dehydrogenate cholesterol synthesized in its own body. The small intestine is the main (but not necessarily the only) site of the process. SUMMARY 1. The properties of purified 7-dehydrocholesterol have been determined, and a method of correcting ultraviolet absorption curves for irrelevant contributions has been described and applied to sterol fractions prepared by an improved chromatographic method.
2. The distribution of 7-dehydrosteroid has been studied for various ox, rat and guinea pig tissues with the result that the small intestine is shown to be relatively rich, especially in the guinea pig.
3. The 7-dehydrosteroid is mainly concentrated in the mucosae and lamina propria of the absorptive part (duodenum) of the guinea pig intestine; it tends to increase (a) with increasing size, and (b) when the animals exhibit liver tubercles.
4. Cholesterol, administered orally, dissolved in ethyl myristate or oleate, is dehydrogenated in the wall of the small intestine. The dehydrogenase enzyme acts in the reverse sense on orally administered 7-dehydrocholesterol. Much of the administered sterol is metabolized during the first 24 hr. after dosing.
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